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Description 

The present Invention is directed to magnetic 
resonance imaging, also referred to as nuclear mag- 
netic resonance imaging. More particularly, the pre- 
sent invention is directed to the use of a crown ether 
for the manufacture of a preparation for use in a 
method for improving magnetic resonance images or 
spectrums of body organs and tissues whereby 
unexpectedly enhanced signal to noise response 
ratios are obtained. 

BACKGROUND OF THE PRIOR ART 

The recently developed techniques of MRI (mag- 
netic resonance imaging) or NMR (nuclear magnetic 
resonance) imaging encompasses the detection of 
certain atomic nuclei utilizing magnetic fields and ra- 
dio-frequency radiation. It is similar in some respects 
to X-ray computed tomography (CT) in providing a 
cross-sectional display of the body organ anatomy 
with excellent resolution of soft tissue detail. In current 
use, the images produced constitute a map of the dis- 
tribution density of protons and/or their relaxation 
times in organs and tissues. The MRI technique is 
advantageously non-invasive as it avoids the use of 
ionizing radiation. 

While the phenomenon of NMR was discovered 
in 1945, it is only relatively recently that it has found 
application as a means of mapping the internal struc- 
ture of the body as a result of the original suggestion 
of Lauterbur (Nature, 242, 190-191, 1973). The lack 
of any known hazard associated with the level of the 
magnetic and radio-frequency fields that are 
employed renders it possible to make repeated scans 
on vulnerable individuals. Additionally, any scan 
plane can readily be selected including transverse, 
coronal, and sagittal sections. 

In an NMR experiment, the nuclei under study in 
a sample (e.g. protons) are irradiated with the approp- 
riate radio-frequency (RF) energy in a highly uniform 
magnetic field. These nuclei, as they relax, subse- 
quently emit RF radiation at a sharp resonant fre- 
quency. The emitted frequency (RF) of the nuclei 
depends on the applied magnetic field. 

According to known principles, nuclei with 
appropriate spin when placed in an applied magnetic 
field [B, expressed generally In units of gauss ortesla 
(10 < 4 > gauss)] align in the direction of the field. In 
the case of protons, these nuclei precess at a fre- 
quency f = 42.6 MHz at a field strength of 1 Tesla. At 
this frequency, an RF pulse of radiation will excite the 
nuclei and can be considered to tip the nuclei out of 
the field direction, the extent of this rotation being 
determined by the pulse duration and energy. After 
the RF pulse, the nuclei "relax" or return to equilibrium 
with the magnetic field, emitting radiation at the reson- 
ant frequency. The decay of the signal is charac- 



terized by two relaxation times, i.e., T1, the spin-lat- 
tice relaxation time or longitudinal relaxation time, that 
is, time taken by the nuclei to return to equilibrium 
along the direction of the externally applied magnetic 

5 field, and T2, the spin-spin relaxation time associated 
with the dephasing of the initially coherent precession 
of individual proton spins. These relaxation times 
have been established for various fluids, organs and 
tissues in different species of mammals. 

10 In MRI, scanning planes and slice thickness can 
be selected without loss of resolution. This permits 
high quality transverse, coronal and sagittal images to 
be obtained directly. The absence of any moving parts 
in MRI equipment promotes a high reliability. It is 

15 believed that MRI or NMR imaging has a greater 
potential than CT for the selective examination of tis- 
sue characteristics in view of the fact that in CT, X-ray 
attenuation coefficients alone determine image con- 
trast, whereas at least four separate variables (T1 , T2, 

20 nuclear spin density and flow) may contribute .to the 
NMR signal. For example, it has been shown (Dama- 
dian, Science, Vol. 171, p. 1151, 1971) that the values 
of the T1 and T2 relaxation in tissues are generally 
longer by about a factor of 2 in excised specimens of 

25 neoplastic tissue compared with the host tissue. 

By reason of its sensitivity to subtle physio-chem- 
ical differences between organs and/or tissues, it is 
believed that MRI may be capable of differentiating 
tissue types and in detecting diseases which induce 

30 physio-chemical changes that may not be detected by 
X-ray or CT which are only sensitive to differences in 
the electron of tissue. The images obtainable by MRI 
techniques also enable the physician to detect struc- 
tures smaller than those detectable by CT and thereby 

35 provide comparable or better spatial resolution. 

The use of perfluorocarbon compounds in various 
diagnostic imaging technologies such as ultrasound, 
magnetic resonance, radiography and computed 
tomography, has been set forth in an article by Robert 

40 F. Mattrey in SPIE, Volume 626, Medicine, XIV/PACS 
IV (1986), pages 18-23. 

Magnetic resonance imaging of liver tumor in rats 
using perfluorochemical emulsions was reported in 
"In Vivo 19 F NMR Imaging or Liver, Tumor and Abcess 

45 in Rats", H. E. Longmaid III, et al., INVESTIGATIVE 
RADIOLOGY, March-April 1985, Vol. 20, p. 141-144. 
The compounds utilized displayed multiple peak NMR 
spectra. 

Imaging of brain tumors with perfluorooctyl 
so bromide has bee described in "Brain-Tumor Imaging 
Using Radiopaque Perfluorocarbon", Nicholas J. Pat- 
ronas, M.D., et al. JOURNAL OF NEUROSURGERY, 
May 1983, Vol. 58, pp. 650-653. 

Ultrasound imaging of organs has been enh- 
55 anced by FLUOSOL-DA (perfluorodecalin and 
perfluorotripropylamine) as reported In 
"Perfluorochemicals as US Contrast Agents k for 
Tumor Imaging and Hepatosplenography : Prelimi- 
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nary Clinical Results", Robert F. Mattrey, M.D., et al., 
RADIOLOGY, May 1987, Vol. 163, No. 2, pp. 339- 
343. 

In European published Patent Application 0 118 
281, published September 12, 1984, a technique for 
the detection of gas in an animal is setforth using nuc- 
lear magnetic resonance techniques embodying vari- 
ous fiuorochemical agents. Among the fluorochemical 
agents there is included perfluoro ether polymer 
(FomblinY/01). 

In U.S. Patent 4,523,039 the production of 
fluorocarbon ethers of various structures is set forth 
wherein the resulting fluorocarbon ether produces a 
noncyciic structure. 

U.S. Patent 4,570,004 describes a method of pro- 
duction and a composition of matter including 
perfluoro 15-crown-5 ether. The patent identifies that 
the crown ethers in general can be useful as oxygen 
carriers and various biomedical products. 

U.S. Patent 4,639,364 discloses the use of vari- 
ous fluorine-containing compounds for magnetic 
resonance imaging. 

The prior art, despite its suggestion for the use of 
magnetic resonance imaging for medical and biodiag- 
nostic purposes and the prior art's suggestion of vari- 
ous fluorine-containing compounds for use as agents 
in nuclear magnetic resonance imaging, has failed to 
provide a particularly sensitive fluorine agent for nuc- 
lear magnetic resonance imaging which provides high 
signal to noise ratios sufficient for detailed diagnosis 
of deep tissue structures and fine resolution require- 
ments. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to the use of 
perfluoro 15-crown-5 ether for the manufacture of a 
preparation for use rn a method for obtaining fluorine 
magnetic resonance images or spectrums of body 
organs or tissues. 

Preferably, the perfluoro 15-crown-5 ether is pro- 
vided in an aqueous isotonic emulsion with a 
fluorochemical concentration range of 5 to 25 wt%. 

A particular embodiment of the present invention 
relates to a preparation of the perfluoro 15-crown-5 
ether in emulsion form provided for injection into the 
cerebrospinal fluid compartment of a mammal for 
imaging of the cerebrospinal structures for diagnostic 
purposes. 

The perfluoro 15-crown-5 ether emulsion may be 
provided for direct injection into a body part, a body 
compartment, the bloodstream or provided for inha- 
lation. 

Alternatively, the present invention can also be 
performed in such a way that after administering the 
perfluoro 15-crown-5 ether to a mammal, a biopsy of 
the selected organ or body tissue is performed and 
the biopsied tissue is imaged in vitro. 



DETAILED DESCRIPTION OF THE INVENTION 

Fluorine atoms 19 F give a clear nuclear magnetic 
resonance signal and thus may function as suitable 
5 probes in nuclear magnetic resonance Imaging when 
combined in a chemically suitable form. The specific 
advantages flowing from the use of 19 F are : 

(1) Its low intrinsic concentration in soft tissues of 

the body ; 

10 (2) its high nuclear magnetic resonance sensiti- 
vity, and 

(3) a magnetogyric ratio which is close to that of 
hydrogen, thereby making the observation of 19 F 
compatible with existing Imaging devices. 

15 However, the mere use of 19 F in various com- 
pounds does not provide the unexpected enhance- 
ment achieved by the present invention wherein the 
use of perfluoro 15-crown-5 ether provides the multip- 
lied effect of 20 identically electronically and/or mag- 

20 netically situated fluorine atoms. This particular 
chemical structure of fluorines provides a uniquely 
sharp signal when using nuclear magnetic resonance 
imaging in a biocompatible fluorine-containing agent. 
Perfluoro crown ethers have generally been recog- 

25 nized as having utility in biomedical applications. 
However, the present inventor has found that 
perfluoro 12-crown-4 ether is too volatile to be placed 
in the blood-stream of a mammal because of its ten- 
dency to form embolisms. On the other hand, 

30 perfluoro 18-crown-6 ether is too heavy in molecular 
weight for biomedical application, and despite its 
emulsification in a reasonably stable emulsion, when 
the agent is administered to a mammal, the ether pre- 
cipitates out as a solid and shows marked toxicity. 

35 Unexpectedly, perfluoro 15-crown-5 ether does 
• - not form embolisms and does not precipitate out of 
emulsion when provided for administering to a mam- 
mal in an effective concentration sufficient for 
unexpectedly high signal to noise response ratios in 

40 magnetic resonance imaging, particularly for cister- 
nography which Is a diagnostic technique for the 
determination of open spaces in organs, particularly 
the spaces surrounding and involved in brain tissue. 
The unique location and association of fluorine 

45 atoms in perfluoro crown ethers provides the single 
sharp resonance line of maximum signal to noise ratio 
when used in magnetic resonance imaging, because 
of the magnetic equivalence of all fluorine nuclei. This 
provides the unique non-intrusive diagnostic capabi- 

50 lities of perfluoro crown ethers that makes difficult 
diagnosis in cisternography possible and acceptable 
medically. The use of the perfluoro crown ether 
according to the present invention fills the need for a 
cerebro-spinal diagnostic technique that does not 

55 involve radionucleid introduction or X-ray detection or 
without the administration of a contrast enhancement 
agent, wherein according to the invention the present 
method reduced neurotoxicity compared to present 

3 
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technology is provided. 

The present invention can be practiced by prep* 
aring a suitable perfluoro 15-crown-5 ether micro- 
emulsion in a biocompatible isotonic aqueous phase 
for injection into the cerebrospinal fluid (CSF) com- 5 
partmenl This compartment consists of the right and 
left lateral ventricles, the intraventricular foramina of 
Monroe, the third ventricle, the cerebral aqueduct of 
Sylvius, the fourth ventricle, the midline foramen of 
Magendie, the lateral foramina of Luschka, the cere- 10 
bral subarachnoid space and its associated cisterns 
(cerebellomedullary [magna or ambiens], superior, 
lamina terminalis, chiasmatic, interpeduncular and 
pontine), the spinal subarachnoid space and the lum- 
bar cistern. CSF is produced by the choroid plexi of is 
the lateral and fourth ventricles. This fluid, derived 
from the choroidal arteries, is believed to be a secret- 
ory product involving active transport mechanisms. 
CSF flows from the laterial ventricles, through the 
foramina of Monroe, to the third ventricle. The cereb- 20 
ral aqueduct then carries the fluid back to the fourth 
ventricle where it exits to the cerebellomedullary cist- 
em via the foramina of Magendie and Luschka. The 
CSF then flows from this site and circulates through 
the subarachnoid spaces and associated cisterns of 25 
the brain and spinal chord. This fluid is then passively 
returned to the venous system via the arachnoid vDli. 
The rate of CSF formation in man is estimated to be 
between 600 and 700 ml per day. Since the total 
volume of the subarachnoid space and ventricles in so 
man is about 140 ml the daily flow rate is appreciable. 
The perfluoro-15-crown-5 ether emulsion preparation 
can be neurostereotactically injected into either the 
lateral ventricle, the cerebellomedullary cistern or the 
lumbar cistern of the spinal subarachnoid space. 35 
Approximately one hour post-injection a 19 F magnetic 
resonance image can be taken of the head and neck 
region or spinal region of the administered mammal. 
The resulting magnetic resonance image is specific 
for the fluorine nuclei and provides a unique map of 40 
the cerebrospinal fluid compartment in question. 
Images following injection of the lateral ventricle 
depict the space of the lateral ventricle, foramina of 
Monroe, third ventricle, cerebral aqueduct, and fourth 
ventricle. Injections of the cerebellomedullary and 45 
lumbar cistern allow for images of the cerebral and 
spinal subarachnoid spaces respectively. 

Accordingly, the perfiuoro-15-crown-5 ether 
emulsion can be administered by direct injection into 
a body part, direct injection into a body cavity so 
(thoracic, peritoneal), direct injection into a body com- 
partment (CSF), direct injection into a space (sub- 
arachnoid), direct injection into a joint capsule, direct 
injection into the blood stream or by inhalation. 

Despite the particular application to cerebrospi- 55 
nal diagnostics, the perfluoro crown ether as des- 
cribed herein may also be utilized to measure oxygen 
concentration in vivo of mammals, wherein the 



perfluoro crown ether in emulsion form, is adminis- 
tered to the vascular system of the mammal. 

The perfluoro 15-crown-5 ether emulsion form is 
thought to be useful for nuclear magnetic resonance 
diagnostic imaging to enhance the contrast between 
the cerebrospinal fluid, the brain and the spinal cord 
for diagnosis of tumors adjacent to the cerebrospinal 
fluid compartment, arachnoic cysts, cerebrospinal 
fluid rhinorrhea and otorrhea, papillomas, 
pinealomas, arachnoiditis and internal hydrocephaly. 
The perfluoro 15-crown-5 ether is capable of high- 
lighting specific biological dysfunctions as set forth 
above. Additional diagnostic areas of interest include 
cardiovascular blood transport, which can be obser- 
ved for site blockage, gastrointestinal constrictions 
which could be outlined, lung capacity and tissue 
degeneration could be located and tumor detection 
could be determined during early stages of tumor 
development due to the heightened sensitivity of the 
specific perfluoro crown ether. 

Perfluoro 1 5-crown-5 ether was the only member 
of the perfluoro crown ether class of materials iden- 
tified in U.S. Patent 4,570,004 to form a stable 
aqueous emulsion at concentrations of 5 to 25 wt% in 
sterile saline with nonionic surfactant systems and 
also provide biocompatibility. This perfluoro crown 
ether was formulated into an appropriate emulsion as 
set forth in the following example. 

EXAMPLE 1 

An emulsion of perfluoro 1 5-crown-5 ether was 
prepared in sterile saline. One gram of perfluoro 15- 
crown-5 ether was sonicated for 5 minutes at 20°C 
with 0.27 grams supercritically extracted egg yolk 
lecithin in 4.5 grams of normal saline. 

EXAMPLE 2 

In a typical control experiment, a normal, female 
Sprague-Dawley rat weighing approximately 290 
grams, was anesthetized with ketamine hyd- 
rochloride. It was then injected directly into the fourth 
ventricle with five (5) microliter aliquots of the PF15C- 
5E emulsion (18 wt% fluorochemical) every five 
minutes until fifty microliters was injected. The animal 
was then isolated. The animal appeared normal and 
allowed to survive for 30 days. Gross examination did 
not reveal any irregularity. It was concluded that the 
fluorochemical emulsion was not toxic to the CNS 
(Central Nervous System). 

EXAMPLE 3 

In a typical experiment, a normal female Wistar 
rat weighing approximately 300 grams was anes- 
thetized with ketamine hydrochloride. After sedation, 
the animal was injected into the fourth ventricle with 
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five microliters of the PF15C-5E emulsion (18 wt% 
• fluorochemical) every five minutes until fifty microli- 
ters had been injected. After one hour and forty-five 
minutes an additional 0.13 cc of ketamine was injec- 
ted to maintain a constant level of sedation during 19 F 

NMR imaging. 

The 19 F imaging was conducted on a 1.4 Kgauss 
superconducting solenoid over a period of one and 
one-half hours with a pulse rate of 130 msecs. The 
final image was processed at 128 x 128 pixel resol- 
ution. The spectrometer was reconfigured for 19 F 
spectroscopy and a high resolution 19 F spectrum was 
taken to confirm a single sharp line resonance signal. 

The present invention has been set forth with 
emphasis of a particular preferred embodiment. How- 
ever, the scope of the present invention should be 
ascertained from the claims which follow. 



Claims 

1 . Use of perfluoro 1 5-crown-5 ether for the man- 
ufacture of a preparation for use in a method for 
obtaining fluorine magnetic resonance images or 
spectrums of body organs or tissues. 

2. The use according to claim 1 wherein the pre- 
paration containing the 15-crown-5 ether is an 
aqueous isotonic emulsion. 

3. The use according to Claim 2 wherein the con- 
centration of the emulsion is in the range of 5 to 25 
wt% of the perfluoro 15-crown-5 ether. 

4. The use according to Claim 1 wherein said 
perfluoro 15-crown-5 ether containing preparation is 
provided for injection into the cerebrospinal fluid com- 
partment of a mammal. 

5. The use according to Claim 1 wherein the 
perfluoro 15-crown-5 ether containing preparation is 
provided for direct injection into a body part, a body 
cavity (thoracic, peritoneal), a body compartment 
(CSF), a space (subarachnoid), a joint capsule, the 
bloodstream or provided for inhalation. 

6. The use according to Claim 1 wherein after 
administration of the preparation to the mammal, the 
desired tissue is biopsied and the biopsied and ext- 
racted tissue is imaged. 

7. The use according to Claim 1 wherein the imag- 
ing is spinal cisternography. 

8. The use according to Claim 1 wherein the imag- 
ing is cerebral cisternography. 

9. The use according to Claim 1 wherein the spec- 
troscopy is to determine oxygen concentrations. 

Patentanspruche 

1. Verwendung von Perfiuor-15-Krone-5-Ather 
zur Herstellung einer Zubereitung zur Verwendung in 
einem Verfahren zum Erhalten von fluormagneti- 



8 

schen Resonanzabbildungen oder -spektren von Kor- 
perorganen oder -geweben. 

2. Verwendung nach Anspruch 1, bei der die 
Zubereitung, die den 15-Krone-5-Ather enthalt, eine 

5 wassrige isotonische Emulsion ist 

3. Verwendung nach Anspruch 2, bei der die Kon- 
zentration der Emulsion im Bereich von 5 bis 25 
Gew.% des Perfluor-1 5-Krone-5-Ather betrSgt 

4. Verwendung nach Anspruch 1, bei der die Per- 
10 fluor-15-Krone-5-Atherhaltige Zubereitung fur die 

Injektion in den CerebrospinalflQssigkeitsteil eines 
Saugers hergerichtet ist 

5. Verwendung nach Anspruch 1, bei der die Per- 
fluor-1 5-Krone-5-Atherhaltige Zubereitung fur die 

15 direkte Injektion in einen Korperteil, einen Korper- 
hohlraum (thorakal, peritonial), eln Korperkomparti- 
ment (CSF), einen Raum (subarachnoidal), eine 
Gelenkkapsel, den Blutkreislauf oder fur die inhala- 
tion hergerichtet ist. 

20 6. Verwendung nach Anspruch 1, bei der nach 
der Verabreichung der Zubereitung an einen Sauger 
das gewunschte Gewebe biopsiert wird und das biop- 
sierte und extrahierte Gewebe abgebfldet wird. 

7. Verwendung nach Anspruch 1, bei der die 
25 Abbildung die spinale Zisternographie ist. 

8. Verwendung nach Anspruch 1, bei der die 
Abbildung die cerebrale Zisternographie ist 

9. Verwendung nach Anspruch 1, bei der die • 
Spektroskopie zur Bestimmung von Sauerstoffkon- 

30 zentrationen dient 



Revendlcations 

35 1. Utilisation de perfluoroether 15-couronne-5 

pour la fabrication d'une preparation & utiliser dans 
une methode visant & obtenir des images ou des 
spectres par resonance magnetique au fluor d'orga- 
nes ou de tissus de I'organisme. 

40 2. Utilisation selon la revendication 1, caracteri- 
s6e en ce que la preparation contenant le perfluoro6- 
ther 15-couronne-5 est dans une emulsion isotonique 
aqueuse. 

3. Utilisation selon la revendication 2, caracteri- 
45 s6e en ce que la concentration de P6mulsion se situe 

dans une gamme de 5 & 25% en poids de perfluorod- 
ther 1 5-couronne-5. 

4. Utilisation selon la revendication 1, caract6ri- 
s6e en ce que la preparation contenant le perfluoro6- 

so ther 1 5-couronne-5 est pr6vue pour Stre injectee dans 
le compartiment de liquide cephalo-rachidien d'un 
mammifdre. 

5. Utilisation selon la revendication 1, caracteri- 
s6e en ce que la preparation contenant le perfluoroe- 

55 ther 15-couronne-5 est pr6vue pour etre injectee 
directement dans une partie de I'organisme, une 
cavite de I'organisme (thoracique, peritoneale), un 
compartiment du corps (liquide c6phalo-rachidien), 
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un espace (sous-arachnoTdien), une capsule articu- 
laire, la circulation sanguine ou pour Stre inhaiee. 

6. Utilisation seton la revendication 1, caracteri- 
s6e en ce que, aprfcs administration de la preparation 

au mammif&re, le tissu souhaite fait i'objet d'une biop- 5 
sie et Timage est constitute & partir du tissu extrait 
lors de la biopsie. 

7. Utilisation selon la revendication 1, caracttri- 
s6e en ce que rimagerie est une cistemographie spi- 
nale. 10 

8. Utilisation selon la revendication 1, caracteri- 
see en ce que rimagerie est une cistemographie cere- 
brate. 

9. Utilisation selon la revendication 1, caractdri- 

s6e en ce que la spectroscopie a pour but de deter- 15 
miner les concentrations en oxygene. 



